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This invention relates to an enzymatic sub- 
stance and more particularly to an enzymatic 
substance from a species of actinomyces now 
-identifled as Actinomyces candidus, which acts 
as an inhibitor or antagonist of penieillin, an 
antibiotie agent. 
In the sterility control of penieillin and peni- 
cillin-eontaining substances it bas been standard 
praetiee to mix a solution eontaining the peni- 
cillin with solutions of antagonists, sueh as 
eysteine-HC1, or Hydroxylamine-HC1, allowing 
them to remain in contact suflicient rime belote 
inoeulation into various media to insure destruc- 
tion of the antibiotie aetivity of the penicillin. 
In certain instances a taka-diastase preparation 
eommercially avaflable as "Clarase" is used for 
the inaetivation of penicillin. The penieillin in- 
hibiting materials in "Clarase" are derived from 
baeterial contaminants of the subtilis-mesen= 
terlcus group during the manufacture of the 
taka-diastase and are in no way associated with 
the metabolic products of the mold itself, Asper- 
gillus cryzae. The penicillin inactivating ma- 
terials produced in the preparation of clarase 
vary widely in the amount present and in cer- 
tain lots, depending upon the other organisms 
prescrit, may be entirely absent. 
When penicillin has been inactivated by any 
of the above procedures the inactive material is 
distributed into portions of culture media and 
observed for a period of time for signs of growth. 
Sensitive 5rganisms, which may be capable of 
resisting the action of penicillin while in the 
sporulating stage, may thus be grown out. This 
is also truc of penicillin-resistant organisms 
which may remain dormant in the penicillin 
preparations but become viable in the body. 
Thus the preparation to be described has decided 
value in the sterility control of this antibiotic 
and its various preparations. 
During the therapeutic application of peni- 
cillin preparations, it at times becomes neces- 
sary to determine whether the infecting organ- 
isms has been eliminated from the patient. The 
urganism may have been inhibited by the peni- 
cillin but hot destroyed. In this condition it may 
remain virulent and produce a relapse as soon 
as penicfllin therapy is withdrawn. Blood must 
be obtained from the patient to determine 
whether the infectious agent has been elimi- 
nated. This is diflicult at times during the 
therapy since there is penicillin in the blood 
stream, often in concentrations high enough to 
inhibit the infecting organisms in the blood 
withdrawn. The enzyme to be described here 
rapidly destroys this residual blood penicfllin 
when added to the ctflture flasks and al!ows 
viable organisms prescrit to grow out. Thus the 
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substance is of value in diagnostic procedures. 
In the chemical assay of penicillin one method 
employs the speciflc reactivity of an enzyme 
preparation speciflc for the beta-lactam linkage 
5 which exists in penicillin. This enzyme acts 
by forming a new carboxyl group which is sub- 
ject to measurement, the molar concentration 
affurding an extremely accurate method of 
saying the amount of penicillin prescrit. When 
lo the enzyme to be described is purified by alcohol 
and acetone precipitations to concentrate the 
enzyme and remove interfering buffer systems, 
it may be employed directly in this type assay. 
The assay results obtained agree very closely 
15 with al1 known chemical methods for assay of 
penicillin. The assay of crystalline penicfllin G 
by this method, for instance, gives a value within 
4% of the theoretical as a maximum deviation. 
In the identity tests for antibiotic agents it 
2o often becomes necessary to use a speci'fic enzyme 
to differentiate two Closely related substances. 
The penicillinase to be described is sPeciflc for 
the beta-lactam structure which in antibiotics 
occurs only in the penicillins. Thus this enzyme 
25 serves as a reliable method for the identification 
of penicillin. 
The substances now in use for accomplishing 
the above have several inherent disadvantages. 
Cysteine and hydroxylamine are toxic to many 
30 bacteria unless used with certain qualifications 
which detract from their value. "Clarase,'.the 
commercial taka-diastase is hot bacteriostatic 
but the production of the penicillin inactivating 
materials is haphazard depending upon con- 
35 tamination with poorly defined bacterial agents. 
 ff£hus a desirable preparation of penicillinase is 
0ne that can be readily produced from an iden- 
tifiable micro-organism and one which can be 
produced consistently and in a yield which will 
40. permit practical application. 
Biiefly restated the penicfllinase to be de- 
scribed, concerns an enzymatic substance which 
specifically reacts with penicillins and in so doing 
affurds a means for determining sterility, eflicacy 
45 of therapeutic application, identity and potency 
of penicillin and penicillin-containing prepara- 
tions. Accordingly, an object of this invention 
is to provide a novel penicillinase in such form 
that it possesses practical value. This substance 
50 is obtained as a metabolic product of growth of 
an air borne micro-organism which was isolated 
in the following manner: 
Petri dishes were preared with sterile nutri- 
ent agar containing suflicient penicillin added 
55 just befure hardening to give a final concentra- 
tion of 1000 units .per milliliter. Theseplates 
were then exposed in various places like dusty 
attics, on ledges of buildings, in storér0oms«:-etc. 
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Af ter thfrty minutes to two hours the plates were 
covered and allowed to incubate. Any colonies 
that grew were removed and subJected to fur- 
ther study. A typical experiment ls detailed in 
Table 1. 
Table I 

Tentative Identification of Organisms 
growing on plate contoining 1,000 u. 
Penictllin per ml. 

Apergilius, species ...... : ................. 
A ctinomyccs, species ...................... 
Peniciilium, species .- ...................... 

Date 9.17.1945 

Aa«igned Type of 
No. Growth 
M-t ...... Luxuriant. 
M-2 ...... Do. 
M-101 .... Poor. 
M-102 .... Luxuriant. 
M-0 .... Do. 
M-203 .... Do. 

It was ssumed that organisms of this nature 
were capable of elther destroying the penicillin 
in lts lmmedtate area or of growing in relatively 
high concentrations. Bacterla, many of which 
may produce penlcillinase, were hot lncluded in 
this study because past-experience showed tech- 
nical diflculties, particularly filtration problems, 
preclude large scale production techniques. 
Only fungi were studied further. 
The next step tnvolved determination of 
whether the fungi actually destroyed the pent- 
clllin or merely grew in lts presence. Llquld cul- 
ture media containtng 1000 units of peniclllin 
per millillter were prepared and lnoculated with 
mycelial transplants of the fungL These were 
lncubated at room temperature which ls optimum 
for most fungl, and when growth appeared the 
culture media wa assayed to determine amount 
of peniclllin remaining. Thls assay was repeat- 
ed on the second and third day to determine rate 
of destruction. The experlment, uslng the fungi 
descrlbed in Table 1, ls described in Table 2. 
Table 2 

Organ. 
ism 
NO. 

M -101.. _ 
M-IO2_.- 
M-20_.- 

]Per Cent Penicillin re- 
[ maining: No. of days 
Organ. Identified 85: I after growth appeare,d, 
I 
1Day 2Day 3Days 
AspergflIus oryzae .............. 73 [ 27 0 
Aspergillus terrus ............. 55 45 0 
Actinomyces viridochromo- 50 I 20 0 
Acgtïnnyce cand dus ........ O' 0 0 
Penicillium citrineum ......... 83 50 _2.7 
penicillium lilacium ........... 60 I 45 
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luton may be sterllized by passlng through a bc- 
terla retaining glass titrer or It may be drled and 
retained in the dehydrated store from which it 
is reconstituted before use. 
 This preparation may be concentrated by satu- 
rating the fermentation medtum after removal of 
the mycelia with ammonum sulfate and collec- 
tion of the precipitate in a small volume of 
water from which it is precipitated by the addi- 
tion of two volumes of alcohol or acetone. Thls 
precipitate is then resuspended in water and fil- 
tered through glass to steriltze or dehydrated and 
held in the dry store. This purification step is 
necessary in preparlng the penicillinase for use 
in the .enzymatic assay of penicillin, since the 
buffering effect mnst be at a minimum to allow 
accurate measurement of the fall in pli. 
As illustration of the possible nses for this 
novel penicfllinase a series of experiments fol= 
20 low. 
Table 3 presents data secured nsing the fil- 
tered fermentation medium from a run ruade 
exactly as described above. 
Table 3 
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Unlts of Penlclllln 

30 fO, 000 ................................. 

Ml. Inactlvatlon in 
broth One Hour 
added 
L 0 Completc. 
1.0 Do. 
1.0 Do. 
1.0 Ncarly comp|ete. 
1.0 Partial. 

35. The consistency wlth whtch this penlclllinase 
was produced was determined by examining rive 
consecutive production batches. These data are 
set forth in Table 4. 
Table 4 
40 

45 

AI1 six of the fungi, it should be noted, destroy 
penicillin to some extent. The outstanding in- 
activator i s M-102, identifled as actinomyces 
candidus. An agar slant culture of this particular 
strain of actinomyces has been deposited in a 
permanent collection in the Northern Reglonal 
Research Laboratories at Peoria, Illinois, under 
the number NRRL 2280. This ls the fungus em- 
ployed and ls the one with which this patent ap- 
plication ls concerned. In accordance with this 
invention this particular straln of aetinomyces ls laple 
used in production of the penicillin accordtng to 65 
the following procedure: 
Any good nutrient broth ls prepared and sterl- 1 ....... 
ltzed in large contatners of fermentation tanks. 
A source of sterlle air fs supplled in such a manner ....... 
that If contlnuously bubbles through the fermen- 71) ....... ....... 
tatlon mixture. The media fs inoculated wlth ....... 
the fungi, the air SUllY adJusted and growth ....... 
allowed to proceed at room temperature for rive 
-days or until the medium attains a pli of ...... 
$.0-8.1, whichever occurs flrst. The resulting Oo 

Lot # 

8.0 
8.0 
8.1 
8.0 
8.2 

Unlt Pcn- 
lcillin 
35,000 
35, 0O0 
35, 000 
35, 0O0 

Time 
H 
t 
1 
1 
t 
t 

Inactiva- 
tion 

Complete. 
Do. 
I)o. 

Thls crude material which consisted of the 
50 penlclllinase, in the presence of other metabolic 
products and remnants of culture media con- 
stituents, was tested for stability. At 37 ° C. de- 
terioration was rapid, but at room and at re- 
frigerator temperatures the material was quite 
55 stable. 
When the crude fermentation broth was dried 
and reconstituted as a 10 % aqueons solution and 
flltered, It was employed in the routine method 
for determining the sterility of penicillin prepara- 
60 tions with the following results. (Table 5.) 
Table 5 

Slze 

100, 000 Art 
00, 000 
I00, 0O0 C 
00,000 C 
500, 000 An 
500,000 Cr 
50o. 0co Cri 
I, 000, 000 An 
1,000, 000 An 
1, 000, 0 C 
1, 000, 0 CE 

Pcnicillln Product 

Inactl- 
vation 

orph. Sod. Penicillin ........ Co_mpletc. 
orph. Sod. Penicillin ......... vo. 
st. Sod. Penicillin G ......... ])o. 
st. Sod. Penicfllin G ......... Do. 
orph. Sod. Penicillin ........ Do. 
'st. Sod. Penicillin G ........ Do. 
 t. Pot. Penicillin G ......... Do. 
orph. Calcium Penicillin .... Do. 
orph. Sod. Penicfllin ........ Do.. 
'st. Sod. Penicillin G ......... Do. 
'st. Pot. Penicillin G ......... Do. 
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When this 10% suspension was used in the in- 
activation of penicillin in oil and wax, a some- 
what more difficult procedure, the following re- 
sults were obtained. 
Table 6 
Sain Con Amount of PenicilHnase 
, _ , . Used 
ple taining " .... 
0.05 ml. 0.1 ml. 0.2 ml. 0.5 ml. 
l ...... 3;' (0 " (') (') (0 
2 ...... i30.000 (,) ] (,) I (.) (.) 

 Inaetivated. 
When the penicillinase was used in blood cul- 
tures, inactivation of penicillin present was com- 
plete. When employed in the purified state for 
the assay of penicillin the results were identical 
with those obtained by the sodium hydroxide- 
iodometric titration method. 
The invention described herein may be manu- 
factured and used anywhere by or for the Gov- 
ernment of the United States for governmental 
purposes without the Payment to me of any 
royalty thereon in accordance wit the provisions 
of the act of April 30, 1928 (ch. 460, 45 star. L. 
467). 
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I claim: 
In a process involving the quantitative destruc- 
tion of the beta-lactam linkage of the penicillin 
nucleus in a delicate vehicle containing penicil- 
5 lin, and selected from the group consisting of 
blood and bacterial media without substantial 
injury to said vehicle, the improvement which 
comprises intrcducing into such vehicle a solu- 
tion of filtrable, sterile penicillinase enzyme pro- 
l O duced during the growth of the fungus Actinç- 
myces candidus. 
HENRY WELCH. 
REFERENCES CITED 
]5 The following references are of record in the 
file of this patent: 
Florey et al., Antibiotics, Oxford University 
Press, 1949, pp. 1085, 1086, 1093, 1095, 1110. 
Chem. Abst. 41, 5917(f). A. griseus secretes 
'0 penicillinase. 
Woodruff et al., Jour. Bact.. 47 (1944), pp. 
425-6. 
McQuarrie et al., Arch Biochem., v. 5, 1944, 
pp. 307-315. 
25 Chandler et al., Science 102, Oct. 5, 1945, pp. 
355-356. 



